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i-h (54) agonal ft: ^*KiKfflMJflL atx-t*i*ffl^fcjt*stt<b^*<D«jft*a 
en 
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carbon atoms. 
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(57) Abstract: [PROBLEMS] To provide an asymmetric reaction 
catalyst which is excellent in yield and stereoselectivity and easy of 
handling and a process for the production of optically active com- 
pounds with the same. [MEANS FOR SOLVING PROBLEMS] 
An asymmetric reaction catalyst obtained by mixing a pentavalent 
niobium compound with an optically active tri- or tetraol of (R)- or 
(S)-configuration having a binaphthol structure. The triol is repre- 
sented by the general formula (I): (I) wherein Y is a divalent hydro- 
carbon group; and R 1 is hydrogen, halogeno, perfluoroalkyl having 
at most four carbon atoms, or alkyl or alkoxy having at most four 
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m m m 

[oooi] ^mwtz, ttRfomtem. &x?ftmm.4k^<D$m3?mKMu zvmmK 

[0002] /v^mm^ET, c=om&$c=-£m&W7tti. ^^(c=N)^tK5^ 
(c=n-n) it&m <D7Fmumm^<D^Mmmmj&\^ mr^mm-mm^ 

v^ Q *vx, ±mmtvx\&^ mfo&^fe&vm&frb, m^^m^nm^- 
£n%7f#mm&mmu ^^v— /v^-r/vy— Ba&w*.tt. #t^mi#^) 

So 

Z(m*.t£. ##fF^cm3#^) 0 
[0003] #fFl$CiSfcl : #M 2002-356454^16 
#fF3Citfc2 : #ffi2000-067833-J§-4M$ 
#f^m3 : l-33407^fR 

##fr^OfU:LlJT^ fife* J. Am. Chem. Soc. , 2002^, Hl24^ p3292 
#WF3Cfi£2:v- — TVKl>— K(C. Andradeh r^h^Kn^-W— X( 
Tetrahedron Lett) J. 2001^. H42#. p. 6473 

##fF3Cifc3 : i^n— • ^!7— ^ (J. Howarth) x • ^V^t 0 — (K. Gillespie) „ 
/VX (Molecules) J N 2000^ N H5# N p. 993 
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[0004] U0>U£^ i^^WW, SP^ ioo%^jffivMb^iDi^> ioo%fciav^ 

[0005] ^mm^hiz, ~ttfc^tft¥3^tt^7h—A'mmfrSt* mj*— /vx« 
[0006] irf^ib, *&m(D*&Rf&mmmtz. smo-x-rik&bt, (r)-#x:«(s) 

5 

[0007] BfflEMJj^— /M*5£l 




Mfc2] 
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o 

[0008] MmTh^— Mttlll 

am 




[ooo9] *&m<D%m£mk&to<nm&%mz, mm^^mmm^mw r 5 r 6 c= 
n-z(r 5 . r 6 ^^k*m^. mt^mm, r/p^y^/^^m. Rxi^mm^m 

[ooio] Mfcmj&mm&i$jv 
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HO 




R 



9 (IV) 



Wb5] 



Wb6] 



[ooi i] mmyt^m^^m^m^m vr, bcjs^ iz>r 

[ooi2] ^w^^^H^^-a^oKag^fett, MfiB^s^«^fflv>, zcmmn 




o 



(V) 
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[ooi3] umAT*&mmmz.mti. mm ^mMtt&Rj&mmm 

[0014] ^xT^mm^mmMmK^^xtm-r^o 

5 

K) 7$W£U/\ 
[0015] <\f^-yv— /vMik*:^W)3r— >v> 

[ooi6] ffrfBhy^-— /V^b-Ctt, ^tl^fi^I 
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Wk2] 




[0017] <tr^-7h— /Vflt5tSr^'tf7 1 h9^-— /V> 
[0018] fftmTh?*— /ViLTi^ 0tR{«III 

Wb3] 
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mm- 1 cKD^kTkmm&mir) xmt$tiz>fc&m&» m i^m v ^^-e#£ 0 r 3 

[0019] IffiBMJ:*— /K&t*? 1 !^*— /W^^S^^^as^SBlfe^CifBUfcR 1 

^J^Lfi3, 6, 3, 3-^13^-6, 6-^3— K~, 3, 

3'-^^/^-, 6, 6'-vW/V-, 3, 3', 6, 6'-^h^3— K-l, l'-tr-2-^7h— /V 

[0020] <»1©IS> 

_hSE^^b^^by^— /vx^h^— /vir^m-^fij^^, (^Ttyik&m) 

/(Hfc*— /vyjirrh?*— ;V)<n>\%X*\/\— l/2aW£LC l/l— l/l. 3^ 
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[0021] <Z:(DWL(Dffcft> 

mit^^m^^t, mmmm^mbt^ 0 ^smm^mtvx^ 

2,6-Lutidine, 2 ) 4,6-Collidine#) , ^yy^S(F«lx.«\ 3Vy>\ 

mm, ^zf^^mair^m^hv^—^x^Th9^/^tm^vx^<jb\ h 

^rU^c^—i/—-? (Molecular Sieves) ?£b*(D&mffi£h'&^7^b&mMir&bn<k 

mwm^±-r^>o mm. ^^^—^—y^t^x\^3A^tz.\^AAmrMx^ 0 

[0022] <KJ^SJC> 

&±<D£5Kvxmmi5tittmw<DMMfe. m* (D^^mz.Mvxhmm^ 
z.b&x%% 0 mz.^^=.vtm£ifo, ^.^^(D^mnK^c^mmcom 

[0023] <^>^ytMfcfo> 
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[0024] (BifomW) 

Kfo^ntisX^ r 5 r 6 c=n-z(r 5 , r\ zfewmtmmx&v). rVr 6 ^§) 

t^ot^g \z.&f$.~r%z.btfX*%Z> 0 

[oo25] (Mmm) 

[0026] (-r^>o 



mitn, R 7 bR 8 nm—x^<, R^Tkmrn^tcnhvy^^^/^m^m^x 
m^n^4^^rMKm^^^.b^x^^ 0 r\ R^^fh^i^^mm^x^^ 
*i/timK&mx&% 0 




(IV) 
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[0027] (^m^yy— h) 



Wb6] 




OSi(R 1 % 



(VI) 



[0028] JifE^X&U^-f^/^— h£fflv\ ^m<D^#~*y'Mm&m^Z>Z-bK£ 

Mb9] 




Rio R 
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[0029] (tK^yv) 



Wb5] 




14 (V) 



o 



[0030] _hiE-<>'^/vfcK7^^u ? ^*^y7-h^fflv>, ttm<Dtt~*7tim& 



[0031] <MmMz£%^7$*i/h*<DMmECf&> 



Wbii] 
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(VII) 



[0032] <^:(Dffi(D^^#*PHJ^> 
[0033] <BLfcjjm> 

feO. 05—1. Omol/U £«9#?3:L<teO. 1—0. Smol/l^S-efc^o 

[0034] ±mRftmm^±mMmm^mum^^^^m^mm(Dnm^m^^ 

, 7te^W90%^_h-ej3-T$y^rh^m(-h^^vi)^#^^^-e^§ o &;io, 
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[0035] sxr. *mw&mmm. tt&mte&^TM t ftmz.fom*rz>&, ^mm^tih 

K£oX$&fe£tlZ>h<DXfet£\ \ 

NM^^h;V( 1 H-NMR, 13 C-NMR) JEOL-LA300. JEOL-LA400*fcf* 
JEOL-LA500 ( 0 *IfttI©NMR(W^*i) mm) XMfeVfCo fi&t&te. 
JASCO P-1010( B&frft&M&Mftmffl^mfeUiio IR^^h/W*, JASCO 

ft/ir-610 ( 0 *ttm±m<vy— y^&mRmm.) -emfeuto 

l. HK^fgi 

»M 1 

[0036] <tr^-7h— /w»5tSr^tfhy^— /K^>H54> 

*1\ ^K*^^-hy , >A(275mmol)^h7t:Kn^^V(THF) (120ml) 

-^CTHFOOml) ^|§^Lfc2-^y:7°nt7K7rn/— /Klllmmol. EllOfS 
^-Al) ^OttlTbfco 30#^ iCiil^aa^Wf/Vx-T/V' (221mm 

V(17. 5g, HX*87%, Ell(DfB^-A2)^#fc 0 
[0037] _h|E^'^^lA2?rl5. Og (83mmol) £ N ^h^y^/V^U^T^ (TMEDA) 1 
5ml(l00mmol) £^tfTHF (200ml) jgffftii:, -7 8°CXn-y^/VV^V J^(D 
^^(100mmol/64ml)£MTUc o 30ft%k, m^^OX^K^-MLX l^m9t 
#15-78*0 lUifrSPU v^^/^/^T5K(DMF) (15. 9ml)^^o<«9^M 

rut, ^mm^o^tm^xm^tzM, mtT>^v^(Dmay^mm 
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'H-NMR 8 (ppm) : 1.25 (d, 6H, J = 7.1 Hz), 3.40 (sept, 1H, J = 7.1 Hz), 3.60 
(s, 3H), 5.06 (s, 1H), 7.25 (dd, 1H, J = 7.6, 7.6 Hz), 7.55 (dd, J = 1.7, 7.6 Hz), 7.70 
(dd, 2H, J = 1.7, 7.6 Hz), 10.3 (s, 1H) 
[0038] #CM, (R)-2, 2M^(7<Mrv^H s r> / )-[l, l']tf^:7^V^(37. 9mmoU 01 
<DfB-^A4)i:TMEDA(45. lmmol) b&^ts^—T/^ (450ml) f&ffltt^ ^UTX 
n-y^/U])^^(D^^->mW(45. 4mmol/28. 9ml) £MTLfc#, 1. 5B# 
mW:Wl,fc 0 n^-mm^-78°C\^M^ ±fB£$c^A3(22. 9mmol)©x-r 

/v(50ml)^feMTb7t o ELJ&m&%ty<><Vbmu^m^tzM, mtriy^ 

-^—itX\ (R)-(2, 2-^h^^hdriy-El, l']tf f/V)-(3— 
tt°;V-2-^Y3ci/*Y^~7^.^V)^/—/V{l2. 2g, 11x^92%, mico|B-^-A5) 

[0039] ±fB^^A5(21mmol)(Dv ; ^nci^^(35ml)^«t3: N yK^T^Xm^m 

t&fp^y-/v(35mi)^nx., 2mmmwvtc 0 ^.(Dm^-mm^mTKm^-hv^ 
(Dmmykmm&jjnx-x^nu mvm&ftmuto Tkm&mk^^xmmu ± 
m^mm&ix^x, mn^7K<D\m^mnxm^u m7kmm~rhv^j^±x 

WC, H^^k^^^-^-^/H§f*(65. lmmol) ^MTLfc 0 SJ^^-ft^— ifeflfc 

3-(2-tKP^v'-3-^y;7 0 nfc7w<^v7V)-[l, l']fc^^V^2, 2-v^— /V] 
(6. 2g, W68%, 2&Pg, Hl(DfB-^A7)^#fc 0 
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'H-NMR 8 (ppm) : 1.20 (d, 3H, J = 6.8 Hz), 1.21 (d, 3H, J = 6.8 Hz), 3.25 
(sept, 1H, J = 6.8 Hz), 4.17 (d, 1H, J = 14.9 Hz), 4.23 (d, 1H, J = 14.9 Hz), 4.99 (s, 
1H), 5.63 (s, 1H), 6.51 (s, 1H), 6.90 (ddd, 1H, J = 1.5, 7.5, 7.5 Hz), 7.08-7.11 (m, 
3H), 7.22-7.39 (m, 6H), 7.82 (d, 1H, J = 7.9 Hz), 7.88 (d, 1H, J = 8.1 Hz), 7.93 (s, 
1H), 7.97 (d, 1H, J = 9.0 Hz) 

13 CNMR(CDC1) 5 (ppm): 22.5, 22.8, 27.1, 31.5, 108.9, 110.6, 111.5, 117.8, 

3 

120.6, 124.1, 124.2, 124.5, 124.9, 125.9, 127.1, 127.6, 128.0, 128.1, 128.5, 128.8, 

129.5, 129.9, 131.2, 131.7, 132.2, 133.2, 135.8, 149.8, 151.1, 152.8. 
[0040] [a] 30 :+63.6 (c 1.03, THF) 

D 

Mp :205-206°C. 

IR (KBr) :3505, 3425, 1592, 1463, 820, 751 cm" 1 

[0041] <^#Kf&mmz£&T^^^(D^T>^v^Tiz?— /^(D^MmuMK^y 

^fflUfc 0 ^);V^./=7— hi^V/ls^y— 7V^— 7VV)J3\ 30tfc(S. Kobayashi) ib, IV 

y ;vx;- *r;v • ^> • ^y^^yy • or? • v-^-fei/;*, • y y 

— V'^TZf-^V^r^ Vyls?&*~- v-3>-XCSilyl Enol Ethers" , in Science 

of Synthesis, Houben-Weyl Methods of Molecular Transformations) ^ tf'^nVtf — 
^'y^/VyJf iy^y^y^f/Vb (George Thieme Verlag: Stuttgart) , 2002^, 

u ^m^cxmm^xm.mvtc 0 Kj^n-r^.xr/vdt^mn.rxmm^tco 
[0042] 2. mm^mn 

_Lfa^c^A6 (72 ix mol) %W^>(0. 3ml) \Z.mM U ^OiitN-^f/W^ 
^/-/V(NMI) (60 J umol)(Z)h/V^^(0. 6ml) MWt&^MXlNZ-, MWl^fc 0 Z.(D 
n&Wm&10ftmW&,Nh(OMe) (60^mol)©^xy(0. Gmomm&Mx., 

5 

^#:^6O o C^PMb30#^«#bfc#, mUlZ-mistCo ^^y— V— ^3A(100 
mg) WHDyy^^ ^(DU^m-WL^^ mt^U>(0. 5ml)Xffift^ 30^ 
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[0043] 3. 

r7 lx 



R 



8x 



(IV) 



-e^tt§-T^(0. 6mmol, fIUR 7 =Ph, R 8 = H, R 9 = H)(D^b^l/>^(0. 7 

Lite] 



R 

1 

R 



to 

n ;c=c 



,OSi(R 13 >. 

\ R 12 



(VI) 



Xm^frl&yV/^y— /V^— 7VV(0. 72mmoL lib, R^R^R^Me, R 12 




R 1 <> R 
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[0044] ^m^MMt^ 

IR (KBr) :3401, 1709, 1611, 1514, 1453, 1391 cm" 1 . 

*H NMR (CDC1 ): 8 (ppm): 1.21 (s, 3H), 1.24 (s, 3H) 3.68 (s, 3H), 4.57 (s, 1H), 

3 

6.36-6.76 (m, 4H), 7.21-7.28 (m, 5H). 

13 C NMR (CDC1 ): 5 19.9, 24.2, 47.3, 52.1, 64.3, 113.2, 114.1, 117.6, 120.8, 

3 

127.3, 127.9, 128.3, 135.6, 138.9, 144.0, 178.0. 

HPLC(Daicel Chiralpak=AD, ^3^^ /PrOH = 9/1, flow rate =1.0 ml/min, t 

R 

=9.3 min (3R), t =16.0 min (3S). Anal. Calcd for C H NO : C, 72.22; H, 7.07; N, 

R 18 21 3 

4.68. found: C, 72.28; H, 7.20; N, 4.62. 

HRMS: Calcd for C H NO (M*) 299.1522, found 299.1497. 

18 21 3 

%Mfo<D (S)- fc<D$&ttffiM (Absolute configuration ) :ttfett&mWttt>T 
[0045] <MMM2— 10> 

[0046] [M 
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R 7 


R 8 


R 9 


R 10 


R 1 ' 
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7Ui£fi||T7 5£7 
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me 


QCt 
OD 


yy%ee 




H 




u 

n 


IVIc 


Ma 


AM. 

^jivie 


IV! G 


ft9 


yo*zoee 




H 


(4-OMe)C 6 H 4 


H 


Me 


Me 


OMe 


Me 


79 


96%ee 




H 


1-Naphthyl 


H 


Me 


Me 


OMe 


Me 


40 


95%ee i 




H 


2-Naphthyl 


H 


Me 


Me 


OMe 


Me 


77 


98%ee 




H 


3-Thienyl 


H 


Me 


Me 


OMe 


Me 


85 


93%ee 


wmn 


H 


Ph 


CF 3 


Me 


Me 


OMe 


Me 


75 


91%ee 




H 


Ph 


H 


H 


H 


SEt 


Me 


69 


84%ee 


mmms 


H 


(4-CDC6H4 


H 


H 


H 


SEt 


Me 


44 


88%ee 




H 


2-Furyl 


H 


H 


H 


SEt 


Me 


70 


87%ee 



[0047] mifabwbfat££?K, frm&m<Dm&. ssiti^^v^, xmrntux 
[oo48] ^^b\ mmM2—io'emhtitiEC)fcm (T^/^rb^mmm o^t^t^-n-^ 

-To 

[0049] <MMM2> 

IR (KBr) 3359, 1709, 1610, 1513, 1490, 1450, 738 cm" 1 . 

X H- NMR (CDC1 ): 8 (ppm) 1.19 (s, 3H), 1.24 (s, 3H) 3.67 (s, 3H), 4.55 (s, 1H), 

3 

6.31-6.90 (m, 4H), 7.22 (s, 2H), 7.35 (s, 2H). 

13 C- NMR (CDC1): 8 (ppm) 20.2, 24.7, 47.3, 52.4, 64.0, 113.3, 114.3, 117.9, 

3 

121.1, 128.2, 128.3, 129.7, 133.2, 135.4, 137.7, 144.0, 177.5. 

HPLCrMM^kftfeMMimbm— , t =8.3 min (3R), t =16.7 min (3S). Anal. 

R R 

Calcd for C H NO CI: C, 64.77; H, 6.04; N, 4.20. found: C, 64.47; H, 6.18; N, 

18 20 3 

4.01. 

HRMS: Calcd for C H NO CI (M*) 333.1133, found 333.1109. 

18 20 3 

[0050] <M1MM3> 

^f-tV 2,2'-v^/V -3-(2'-tKndr^^^/VT5:/)-3-(4'-^hdr^^^/V)7 0 n 
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IR (neat): 3420, 2979, 1715, 1612, 1510, 1252 cm" 1 . 

X H- NMR (CDC1 ): 8 (ppm) 1.20 (s, 3H), 1.22 (s, 3H), 3.68 (s, 3H), 3.76 (s, 

3 

3H), 4.50 (s, 1H), 6.39 (d, 1H, J = 7.9 Hz), 6.35 (dd, 1H, J = 7.6, 7.6 Hz), 6.62 (dd, 
1H, J = 7.6, 7.6 Hz), 6.68 (d, 1H, J = 7.9 Hz), 6.81 (d, 1H, J = 8.5 Hz), 7.19 (d, 
1H, J = 8.5 Hz). 

13 C- NMR (CDC1): 8 (ppm) 20.1, 24.4, 47.5, 52.2, 55.2, 64.2, 113.4, 114.3, 

3 

115.3, 117.2, 118.1, 119.7, 121.1, 129.4, 131.0, 135.6, 144.4, 158.8, 177.8. 
HPLCrftm^kftUMMimtm—, t = ll.l min (3R), t = 28.0 min (3S). 

R R 

HRMS: Calcd for C H NO (M*) 329.1627, found 329.1638. 

19 23 4 

[0051] <MMM4> 

(S)-^Vk 2,2'-vW/V -3-(2-t\?v3r^7^/U) 3-(l'-^^/V)- 
l H~ NMR (CDC1 ): 8 (ppm) 1.18 (s, 3H), 1.25 (s, 3H) 3.66 (s, 3H), 5.62 (s, 

3 

3H), 6.28-6.62 (m, 4H), 7.22-8.00 (m, 7H). 

13 C- NMR (CDC1): 8 (ppm) 19.9, 25.1, 48.4, 52.4, 57.8, 113.4, 114.2, 117.9, 

3 

121.2, 122.1, 123.2, 125.2, 125.3, 125.4, 126.1, 128.1, 129.1, 133.6, 135.3, 144.1, 
177.9. 

HPLC: ^^^^/^ir7^(chiralcel)AD^fflV^fcW^(DS!|^^f4 : «ll^fef?!Jl^ 
|W|— „ t =14.6 min (3s), t =10.6 min (3R.). Anal. Calcd for C H NO : C, 75.62; H, 

R R 22 23 3 

6.63; N, 4.01. found: C, 75.48; H, 6.49; N, 3.94. 

HRMS: Calcd for C H NO CI (M*) 349.1678, found 349.1668. 

18 20 3 

[0052] <MMM5> 

^/V2,2'-vy^W -3-(2'-tKn3r><7^ /V)T^/-3-(2'-^7^/W) 

IR (KBr) 3418, 1710, 1610, 1510, 1270, 736 cm" 1 . 

J H- NMR (CDC1 ): 8 (ppm) 1.26 (s, 3H), 1.29 (s, 3H), 3.70 (s, 3H), 4.71 (s, 

3 

1H), 6.40-6.70 (m, 4H) 7.41-7.46 (m, 3H), 7.75-7.81 (m, 4H). 
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13 C- NMR (CDC1 ): 8 (ppm) 20.2, 24.5, 47.6, 52.3, 64.8, 114.0, 114.3, 118.0, 

3 

121.1, 125.8, 126.2, 127.5, 127.6, 127.6, 127.9, 132.9, 133.0, 135.5, 136.7, 144.3, 
177.7. 

HPLC:^n— ml/mmhUt.)£ft<DMl&4kft 1 t±Mt&Mlkm—, t = 12.2 

R 

min (3R), t = 26.0 min (3S). 

R 

HRMS: Calcd for C H NO (M*) 349.1678, found 349.1671. 

22 23 3 

[0053] <M1MW6> 

(R)- tf/V 3-(2-tKndf-^ai^./V) -2,2'-v ? ^^/V-3-(3'-^-^^/V) -fvi 

IR (neat) 3413, 2978, 1708, 1608, 1513, 1446, 1267, 1192, 1140, 741 cm" 1 . 
l H- NMR (CDC1 ): 5 (ppm) 1.25(s, 3H), 1.28(s, 3H), 3.69(s, 3H), 4.66(s, 1H), 

3 

6.46-6.71 (m, 4H), 6.98(d, 1H J = 5.6 Hz), 7.06(s, 1H), 7.21(s, 1H). 

13 C- NMR (CDC1 ): 6 (ppm) 20.4, 24.1, 47.2, 52.2, 61.2, 114.5, 115.1, 118.9, 

3 

121.1, 122.9, 125.2, 127.3, 135.3, 140.7, 145.0, 177.7. 
HPLC:mi££k\ ! ¥\^.'MMmbW\~ . t = 9.2 min (3S), t = 14.3 min (3R). 

R R 

[0054] <M1M&\7> 

(S)- 3-(2-fcKn3f-^ -5-hVy/V^ru^/Py^/^)T^y-2,2'-^^-/V 

-3-^ai^/V^nt 0 ^— h 

IR (neat) 1707, 1612, 1531, 1442, 1336, 1277, 1115 cm"l. 
*H- NMR (CDC1 ): 5 (ppm) 1.22 (s, 3H), 1.26 (s, 3H), 3.70 (s, 3H), 4.54 (s, 

3 

1H), 6.58 (s, 1H), 6.75 (d, 2H, J = 7.6 Hz), 7.23-7.32 (m, 5H). 

13 C- NMR (CDC1): 8 (ppm) 20.2, 24.7, 47.3, 52.4, 64.5, 109.9, 113.6, 115.0, 

3 

123.2, 123.5, 127.8, 128.2, 135.7, 138.3, 137.0, 146.6, 177.9. 
HPLC-Mfe^kfcfeMIMWlbm— , t = 5.4min (3R), t = 7.3 min (3S). 

R R 

Anal. Calcd for C H F NO : C, 62.12; H, 5.49; F, 15.11; N, 3.81; O, 13.07. 

19 20 3 3 

found: C, H, N, 
[0055] <mMM8> 

(S)-S-^/V 3-(2-t\?v3r^7^ /V)T^/-3-7^/Vy°v/<^^m 
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IR (KBr) 3396, 1647, 1608, 1520, 1449, 1362 cm" 1 . 

X H- NMR (CDC1 ): 5 (ppm) 1.67 (t, 3H, J = 7.3 Hz), 2.83 (q, 2H, J = 7.3 Hz), 

3 

2.97 (dd, 1H, J = 5.4, 14.9 Hz), 3.07 (dd, 1H, J = 8.1, 14.9 Hz), 4.81 (dd, 1H, J = 
5.4, 8.1 Hz), 6.44-6.71 (m, 4H), 7.20-7.33 (m, 5H). 

13 C- NMR (CDC1 ): 8 (ppm) 14.4, 23.6, 51.4, 56.1, 114.4, 114.6, 118.8, 121.1, 

3 

126.3, 127.4, 128.6, 134.9, 141.7, 144.7, 198.4. 

HPLC:2>7J>>K3r7/V/^y?AS&ffl\^, — drl/^/PrOH = 19/l£LfcJ^<Z)$!J5£ 
£kWfeMMMlb\p\—, t =26.6 min (3S), t =38.2 min (3R). Anal. Calcd for C H 

R R 17 19 

NO S: C, 67.74; H, 6.35; N, 4.65. found: C, 68.00; H, 6.54; N, 4.54. 

2 

HRMS: Calcd for C H NO S (M*) 301.1138, found 301.1102. 

17 19 2 

[0056] <MMM9> 

IR (neat) 3412, 1665, 1516, 1447, 742 cm" 1 . 

*H- NMR (CDC1 ): 6 (ppm) 1.21 (t, 2H J = 7.4 Hz), 2.83 (q, 2H J = 7.4 Hz), 

3 

2.96 (dd, 1H, J = 5.1, 14.9 Hz), 3.05 (dd, 1H, J = 8.3, 14.9 Hz), 4.78 (dd, 1H, J = 5 
.1, 8.3 Hz), 6.39-6.78 (m, 4H), 7.22-7.28 (m, 5H). 

13 C- NMR (CDC1 ): 5 (ppm) 14.5, 23.7, 51.2, 55.6, 114.5, 115.0, 119.3, 121.2, 

3 

127.8, 128.9, 133.2, 134.6, 140.3, 144.7, 197.8. 

HPLC: Mfe£zWltMM$\lb\n\—, t =19.5 min (3S), t =24.3 min (3R). Anal. 

R R 

Calcd for C H NO CIS: C, 60.80; H, 5.40; N, 4.17. found: C, 60.85; H, 5.60; N, 

17 18 2 

3.99. 

HRMS: Calcd for C H NO CIS (M^) 335.0747, found 335.9758. 

17 18 2 

[0057] <miM$no> 

(S)-S-^/i- 3-(2'-^U/V)-3-(2-tKn=3r^^^— /M) T^J-~7^ ;Vy"n^l^f-^r 

m 

IR (neat) 3414, 1674, 1608, 1513, 1448, 1349, 740 cm" 1 . 

X H- NMR (CDC1 ): 5 (ppm) 1.32 (t, 3H, J = 7.3 Hz), 2.90 (q, 2H, J = 7.3 Hz), 
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3.06 (dd, 1H, J = 5.4, 15.6 Hz), 3.19 (dd, 1H J = 8.3, 15.6 Hz), 4.81 (dd, 1H J = 
5.4, 8.3 Hz), 6.11 (d, 1H J = 3.2 Hz), 6.26 (dd, 1H J = 2.0, 3.2 Hz), 6.60-6.81 (m, 
4H), 7.35 (d, 1H J = 2.0 Hz). 

13 C- NMR (CDC1 ): 6 (ppm) 14.5, 23.6, 48.0, 50.8, 106.8, 110.2, 115.0, 118.0, 

3 

120.7, 121.5, 133.8, 142.0, 147.1, 153.8, 198.2. 

HPLC:fflfegkWfeMMffl4b\*\—, t =15.4 min (3S), t =8.9 min (3R). 

R R 

Anal. Calcd for C H NO S: C, 61.83; H, 5.88; N, 4.81. found: C, 61.86; H, 5.72; 

15 17 3 

N, 4.80. 

HRMS: Calcd for C H NO S (M*) 291.0932, found 291.0931. 

15 17 3 

[0058] 2. mWiM2 

77krfv#B^T^ mmnmrn^-i-^h—^m^ (^m^Th^—M (0.044 

mmol) (OYfV^y (0.40 mL) ^S^fc^rU — #T/p*h3rVK (0.040 mmol) <Db/^> 

(0.60 mD mw&mm.TiBLKu ^(D^kQo°cKxmmmw\^t^k. mmcMix* 

[0059] (mMM^LM^yh— /V(D&$.) 

(R)-3,3'-bis(2-Hydroxy-3-isopropylbenzyl)-[l , 1 ']binaphthalene-2,2'-diol (8a) : 
(R)-2,2'-Bis(methoxy-methyloxy)-l,r-binaphthalene (5.33 g, 14.23 mmol) (DTHF 
Mm (90 mL) £-78 °C^?fr£PU sec-^/UV ^J^^^Wm (0.99 M, 28.4 
mL, 28.1 mmol) ^Tb30^8fc#b7t^tC0 °C^#fiU ZblCl1$ffl¥&#KMlZ. 
-78 °C^?nSl*f"'5o ^1^1^3-isopropyl-2-methoxymethoxybenzaldehyde (11.85 g, 
56.9 mmol) <Z>THF?» (30 mL) SriRTU &mz&m.\J&fcS&PfZ> 0 fi&fUJS^ 

(R)-(2,2'-Dimethoxy-methoxy-[l , 1 ']binaphthyl-3-yl)-(3-isopropyl-2-methoxymeth 
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oxyphenyOmethanol as ca. 1:1 diastereomer mixture £r#<5 (11.28 g) 0 i©77^ — 

;v (ii.28 g) ^mt^u^mm (120 mu tuo xikxmwu mumtykm^y 
—'vrnm (45 mu %Mx.z> 0 ^mm^f-m^m^mm^m^^xK^mw^ 

-r% 0 aal^lt»f(^^f^y(^ (70 mu mmts^, 0 xzfc&Muzmzhv 

az^/Vi/y^ (8.62 g, 74.1 mmol) (Dmt^^W-W. (35 mL) % £7yft*^i'V J 
rc^-/Vrc—^/V#f {$(10.72 g, 75.5 mmol) (Dmt^^MW. (35 mL) ^)IR#:MT 

u o x:icxm&mwirz> 0 mmmm^m^^xRjt^^±u mt^^xmrn 

(R)-3 , 3 '-bis(2-Hydroxy-3-isopropylbenzyl) 

-[l,l']binaphthalene-2,2'-diol (5.76 g, 9.89 mmol, 69 % yield in 3 steps)^r#fc 0 
[0060] (R)-3,3'-bis(2-Hydroxy-3-isopropylbenzyl)-[l ) l']binaphthalene-2 ) 2'-diol (8a): [?] 
20 +38.9 (c 1.01, CHC1 ). Mp 115-117 ° C. IR (KBr) 3445, 2959, 1626, 1451, 

D 3 

1208, 1088, 753 cm" 1 . *H NMR (CDC1 ): ? 1.22 (d,12H, J = 8.0 Hz), 3.25 (sept, 2H, 

3 

J = 6.8 Hz), 4.19 (d, 4H, J = 15.1 Hz), 5.67(s, 2H), 6.46 (s, 2H), 6.91 (dd, 2H, J = 
7.5, 7.5 Hz), 7.05 (d, 2H, J = 8.1 Hz), 7.23 (m, 6H), 7.35 (dd, 2H, J = 8.0 Hz), 7.82 
(d, 2H, J = 8.01 Hz), 7.93 (s, 2H). 13 C NMR (CDC1 ): ? 22.6, 22.7, 27.1, 31.5, 

3 

111.4, 120.7, 124.0, 124.6, 124.9, 125.8, 127.2, 128.1, 128.1, 128.9, 129.9, 131.3, 
132.0, 135.8, 149.9, 151.1. HPLC Daicel Chiralpak AD-H, hexane/PrOH = 19/1, 
flow rate = 1.0 mL/min: t =13.1 min (S), t = 15.8 min (R). MS: Calcd for C H O 

R R 40 38 4 

(M + + Na + ) 605, found 605. 

Anal. Calcd for C H NO S: C, 61.83; H, 5.88; N, 4.81. found: C, 61.86; H, 5.72; 

15 17 3 

N, 4.80. 
[0061] (£CJ£0 

111 2 ^Lfc^^tt^ /^8a&m V ^c c 

witDECfom^Km^t^^^y— i/— 4aqoo mg ) tv^v# 
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^(DK^mz-m^, h/^> (o.50 mL) -egkv^Ayf£o ^ti^?UT30^#U 

0°C\^m^f'o ^r^^drv'K(v'^n^dr-fe^^K) (0.40 mmol) (Di^it^ 
l^(0.50mL) ¥&Wb, T^(T~y^ )(0.48 mmol)(D^^^^^(0.50mL) 

^(D^iciafn^^^^-hy^^TK^ (10 mL) *f@£ri& 
Ik^u^ftiMVfc (io mL x 3) Q Wa+@^W-C4a7K«?^^^y f >i^^fflv^-c^; 

ML mJ±rmm^^U ^S^y*^>Ii^nvb^77^- (Hexane : 
AcOEt = 4:1) -elfMU *fJS-r^a-T^7T/V=3— /V( (lR,2R)-2-C7^/VT$/) 
v^n^dflJV-/V)£#7t 0 '(D^j^cD^MJ^ Tfe^Mtt^^^A 
(Daicel Chiralpak AD^fflV^cHPLC^^^Lfco 
Wbl3] 



[0062] £/&^~e&5 a -T^yT/V^— /KD^^^f*^MW-efe«9, ^It5l* (^Tee 

^fEi") fi70%-e^o/c 0 

[0063] 3. mmw3 

T/V^V#H^;T> £JLT©br^-7h— /Hffiigla— lc (0.044 mmol) COh/V^^ 
(0.40 mL) l^fc^fU gJlTO-t^7;Vn^K (0.040 mmol) ©Jfrfb^l^ 
(0.60 mL) i£?£Cfa£U t^^h-/V*}tlc(7)^#«h7V3i^|t)^^taT^AL. 

Wbi4] 




Nb(OMe) 5 (10 mol%) 
ft^S'&Tl^t-rt. (1 1 mol %) 
MS 4 A (100mg/0.4 mmol) 



ex 



toluene-CH2Cl2 
0°C, Uh 




quant. 70 % ee 
( 1 ^ 2 - 2 -(p h eny 1 ami n o) cy cl o h ex an ol 



WO 2005/084803 



25 



PCT/JP2005/004077 






la lb 

&3b\ ±mit^ict^ 8abte\p\— xh% 0 

[0064] m<Dfiu&m&izffife<Dmmm&&iAu t/k^v#bm~r-uc#, ±tmmi^ 

K&u mt^^XfcfcU tr^h— /i>flKtic©4&^ttb/v^)(o.50 mU -e?5fe 

-fe^h^K) (0.40 mmol) <D^fb^W^(0.50mL) T^(T^U^ )(0.48 

mmol)(Dmb^W^(0.50mL) ^^HK^P^., 18B#P B W#L7i 0 

fyfcUt^EV^^— V— ^ 4A(100 mg) 3rfflV^ 0 
^©^IciafP^BfeK^hy^A*^ (10 mL) Srin^KJSSrffJhU, tK+IS:^ 

f^^w^-e^mbfc do mL x 3), ftmte&&ttxm7kffimrhvvj*&m^xm. 
m}±rmm^^^ wm&^^^^nm^^w^A— (Hexane : 

AcOEt = 4:1) -CfjfMU *f)&1*5 a-TK/T/V^— ;V{ (lR,2R)-2-(^^^/VT57) 
^n^dr^/-/v)Sr#7^o ^Sy&fc^ft^ttSSr, ft^Jltt##«b&9A 
(Daicel Chiralpak AD)^fflV^fcHPLC^J;*9#!:^L^: 0 
Wbl5] 



o ♦ a NHi 



[0065] nt>tl-fc3fe%&$t2K^lTo 
[0066] [^2] 



Nb(OR) 5 (10raol%) 

t'*7h-MSaBt 1a- 



1c 



0°C, 18h 



a, 



.OH 




(li?,2^)-2-(j>henylamino)cycl ohexanol 
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Kg* 1 R '^ oglJ JR^(W) 

la(22mol%) -CH(CH 3 ) 2 none CH 2 C1 2 69 48 

lb(llmol%) -CH(CH 3 ) 2 gffl^g^t? 3 ^ 55 48 

lc (l 1 mol %) -Me MS 4A CH 2 Cl 2 -toluene quant 70 

[0067] mzd^mhit^X^ tt7h—/>M&bVXTh5^/>&m*fzM&\z.xtf* 
[oo68] [igi]if^h— /i-«^^tphy^— /^i»^i-5^fe©HJS^-t-ia-c*)5o 
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[1] 
[2] 



[3] 



[4] 



NbX 

5 




OH 



(I) 



-«£*i^> OCT. Yt*2«tf>£Mb!k5 

Wb2] 




OH HO^f^ 
OH R 2 



(ID 
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[5] 



Mb3] 




(in) 



ra mM^i7b^5(D\^im^^mm<D^^mmm^m^\ r 5 r 6 c=n-z(r\ r ( 

[7] tLffEKJ&Slf^IV 



[8] fiffa^SIC^V 
Mb5] 



MM 
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3 ;c=N-S >r J3" Rl4 (V) 



r 8 ' 



Wb6] 

^v c =< r12 (VI) 

x^m^x^^xh^^mt^mm^m^xm^ti^^m^/y—bxh^mMm 
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